Feasibility of using teleradiology to improve tuberculosis screening and case management in a district hospital in Malawi

Background
Approximately 600 000 people inhabit Thyolo district in southern Malawi. Most are subsistence-level or migrant farmers who live in extreme poverty and have very little formal education. 1, 2 Thyolo district has one public hospital and 38 primary health centres. 3 Although Malawi's public health-care facilities provide care free of charge, staffing levels, particularly for higher-level clinical cadres, remain exceptionally low. 3 The World Health Organization (WHO) recommends a ratio of 228 health professionals per 100 000 population. 4 However, in 2010, Thyolo district had a health worker density of only 100 to 150 per 100 000 population. 3 Médecins Sans Frontières (MSF) has been supporting Thyolo District Hospital and other health-care facilities in the surrounding area since 1997 with a focus on the care of patients with human immunodeficiency virus (HIV) infection and tuberculosis. Malawi has one of the highest prevalences of HIV infection in the world. Approximately 10.6% of the country's population between the ages of 15 and 49 years is HIV-positive, and the infection rate in the southern region is especially high at 14.5%. 5 Of patients in Malawi who are HIV-positive, an estimated 66% also have tuberculosis. 6 However, diagnosing tuberculosis in HIV-infected patients remains difficult, especially among children or patients with sputum-smear-negative or extrapulmonary tuberculosis. At Thyolo District Hospital tuberculosis detection rates fall below expected WHO estimates due to lack of diagnostic capacity, including expert X-ray interpretation. 7, 8 Lack of accurate radiologic interpretation, which is common in countries of the African region, 8 ultimately results in higher patient morbidity and mortality. 8, 9 In sub-Saharan Africa, 14 countries, including Malawi, do not have a single radiologist in public service. 3, 5 In light of staff shortages and in the absence of an in-hospital radiologist in Thyolo District Hospital, MSF implemented a teleradiology programme to improve the quality, timeliness and accessibility of tuberculosis screening among patients with or without HIV infection. The objective of the present study was to assess the feasibility of conducting such a programme in a low-resource setting. The authors describe the effect of teleradiology on diagnostic rates and patient management, with a focus on tuberculosis.
Methods
Teleradiology initiative
In September 2010, MSF implemented teleradiology in Thyolo District Hospital after the district health authority granted permission for its use and approved the credentials of the radiologist reading the images tele-transmitted for teleradiologic diagnosis. Cases were proposed for teleradiology by three expatriate physicians working at the hospital (one employed by MSF and two by Voluntary Services Overseas), none of whom was a radiologist, and by 27 Malawian clinical officers (three employed by MSF and 24 by the Ministry of Health).
Problem Malawi has one of the world's highest rates of human immunodeficiency virus (HIV) infection (10.6%), and southern Malawi, where Thyolo district is located, bears the highest burden in the country (14.5%). Tuberculosis, common among HIV-infected people, requires radiologic diagnosis, yet Malawi has no radiologists in public service. This hinders rapid and accurate diagnosis and increases morbidity and mortality. Approach Médecins Sans Frontières, in collaboration with Malawi's Ministry of Health, implemented teleradiology in Thyolo district to assist clinical staff in radiologic image interpretation and diagnosis. Local setting Thyolo district's 600 000 inhabitants are mostly subsistence-level or migrant farmers living in extreme poverty. Health facilities include one public hospital and 38 primary health centres. Understaffing and the absence of a radiologist make the diagnosis of tuberculosis difficult in a population where this disease affects 66% of patients with HIV infection. Relevant changes From September 2010-2011, 159 images (from 158 patients) were reviewed by teleradiology. Teleradiology changed patient management in 36 cases (23.5%). Two (1.3%) of them were cases of pulmonary tuberculosis not previously suspected by clinical staff. In addition, the radiologist's review corrected the misdiagnosis of tuberculosis and averted inappropriate treatment in 16 patients (10.5%). Lessons learnt Teleradiology can improve tuberculosis diagnosis and case management, especially if criteria to identify the patients most suitable for referral are developed and the radiologist is conversant with local resources and health problems. Designating a clinical focal point for teleradiology ensures sustainability. Staff need time to adapt to a new teleradiology programme.
Lessons from the field Patients signed a medical release form authorizing tele-transmission of their X-ray images. These were sent anonymously after being assigned a unique identification number. An electronic database was created to record teleradiology request forms, digital images and summaries of patient histories. For digitization, the antiretroviral technical supervisor placed X-rays on a standard light box and photographed them using a Sony 10.1 megapixel digital camera (settings: flash OFF, self-timer, auto-exposure, exposure compensation set manually to +1.3EV) fixed to a tripod placed 70 cm from the light box exactly perpendicular to the film (Fig. 1 ). Photographs were downloaded to a computer as 100-200 KB JPEG digital images. JPEG images and patient histories, which included differential diagnoses proposed by Thyolo District Hospital clinical staff, were transmitted electronically from the teleradiology focal person to a radiologist (co-author WEB) in the University of Virginia, United States of America. Information was exchanged initially via e-mail and subsequently through a web-based telemedicine service (Médecins Sans Frontières/Swinfen Charitable Trust) that allowed data uploading and downloading directly to and from a web site with e-mail notification of postings by the telemedicine service.
For interpretation, all images were optimized using Adobe Photoshop CS4 on a Macintosh computer and viewed on a 69-cm monitor (1920 × 1200 pixel display) by the radiologist. Image manipulation included conversion of colour images to greyscale, edge enhancement/ sharpening and brightness and contrast controls to "window" radiographic images for optimal viewing of lungs, soft tissues and bones. A teleradiology report based on image characteristics and patient history was returned by the radiologist in the United States to the physician from MSF free of charge by e-mail or text entry on the telemedicine web site. The expatriate physician from MSF notified the clinical staff member attending to the patient that the teleradiology report was available; this staff member then presented all patient information, including the teleradiology report, at a clinical meeting where final case management decisions were reached. Ours is one of very few studies assessing teleradiology services using JPEG image formats for tuberculosis screening in routine health-care service delivery.
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Analysis
We carried out a descriptive analysis of data for patients in Thyolo District Hospital whose radiologic images were referred to teleradiology between September 2010 and September 2011. We used Microsoft Excel 2003 and Stata 9.0 (Stata Corporation, College Station, USA) for data entering and analysis. Descriptive analyses included means and interquartile ranges for numerical variables, frequencies and proportions for categorical variables. Binomial and Fisher's exact tests were used to generate 95% confidence intervals (CIs) and P-values, respectively. The data entered included patients' routine demographic variables, the radiologist's assessment of radiologic image quality (good or poor based on lung, soft tissue and bone visibility) and interpretability (conclusive or inconclusive for a definite diagnosis), and rate of agreement between the clinicians' and the radiologist's diagnoses. If the radiologist and clinical staff coincided on at least one differential diagnosis, we classified that as a diagnostic agreement. After presenting a case at the clinical meeting, the treating clinician in Thyolo District Hospital made a final treatment decision based on all available data (e.g. patient histories, clinical examinations, laboratory results and the teleradiology report). The clinician was free to base his final choice of treatment on his own clinical judgment, even if not supported by the radiologist's diagnosis. Thus, all clinical staff worked as a team towards decision-making, and the radiologist was seen as a member of the team. We categorized final treatment decisions as being consistent with the radiologist's diagnosis (i.e. clinical staff agreed with the diagnosis proposed by the radiologist and treated the patient accordingly) or consistent with the clinical staff 's diagnosis (i.e. the staff and the radiologist did not agree on any differential diagnosis or selected one diagnosis from several proposed by the radiologist but treated the patient in light of additional information, such as new symptoms or laboratory results not present before teleradiology referral). Clinical patient outcomes, evaluated from 48 hours to 4 weeks after hospital admission and treatment initiation, were defined as follows: "improved after initiating treatment", "unchanged after initiating treatment", "death" or "transfer". Transfers were sent to Queen Elizabeth Central Hospital, outside of Thyolo district, when tests or treatments unavailable within the district were required. We also assessed the days that transpired between the taking of the X-rays and the request for teleradiology, and between the request and the receipt of the teleradiology reading.
Ethics
The use and evaluation of teleradiology at Thyolo District Hospital were approved by the Ministry of Health of Malawi. The analysis was presented to MSF's ethics review board and not considered for further ethical review, since routinely collected programme data were used.
Results
From September 2010 to September 2011, 159 X-ray images from 158 pa- tients at the Thyolo District Hospital were sent for teleradiology. The characteristics of the patients and images are listed in Table 1 . Of the X-rays sent for teleradiology, 95.6% were chest radiographs, 3.8% were spine radiographs and 0.6% was not documented in the database as either chest or spine. Only four X-rays had to be repeated to improve image quality; 83.6% of the images were of good quality and 58.2% were considered conclusive for a final diagnosis based on image alone.
Overall, 70.9% of the radiologist's diagnoses coincided with at least one diagnosis proposed by clinical staff.
Teleradiology changed the patient management initially proposed by Thyolo District Hospital clinical staff in 36 patients (23.5%); some had tuberculosis and others had other ailments (e.g. pulmonary fibrosis, cancer, chronic obstructive pulmonary disease). Two patients (1.3%) were diagnosed with pulmonary tuberculosis not suspected by clinical staff before teleradiology. Both were initiated on anti-tuberculosis treatment. In addition, the radiologist's review corrected a misdiagnosis of tuberculosis and averted inappropriate treatment in 16 patients (10.5%).
Overall, 1.9% of the patients were lost to follow-up before treatment initiation (1 died; 1 left; 1 was transferred to Queen Elizabeth Central Hospital for further diagnostics and the final treatment received was unknown). Treatment was consistent with the diagnosis made by the radiologist in 85.3% of the patients and with the diagnosis made by the physician from MSF and by clinical staff at Thyolo District Hospital in 14.7% of the patients. In 1.9% of these patients anti-tuberculosis treatment had been initiated before the radiologist's reading and could not be suspended because according to Malawi's national health policy, patients on anti-tuberculosis treatment must complete the full course of therapy even if data pointing to a different diagnosis become subsequently available. Patients who had been placed on anti-tuberculosis treatment before hospital admission showed no improvement. Thus, in these cases teleradiology still proved valuable in identifying the correct ailment. Additional information became available following the radiologist's reading for another 1.9% of patients. In 7.0% of the cases, clinical staff disagreed with the radiologist's reading and decided on patient treatment on the The mean number of days between the X-ray and the request for teleradiology was 3.3 (interquartile range, IQR: 0-4.5). The mean number of days between the request for teleradiology and the teleradiology reading was 0.4 (IQR: 0-1).
Discussion
In our experience, teleradiology changed patient management in some cases by reducing the time to a definite diagnosis and preventing misdiagnosis. Thus, teleradiology enhanced the quality of patient care. It also served as an educational tool during the clinical meetings where final treatment decisions were reached. Agreement between the image interpretation of the clinical staff and the readings of the radiologist increased progressively from the first to the last quarter of images: from 66.7% among the first quarter, to 62.5% in the second, 70.0 % in the third and 84.6% in the fourth (P = 0.138). This increase was not significant, probably because of the relatively small number of patients contributing to this analysis. The utilization of teleradiology as a teaching tool during clinical meetings and training sessions contributed to its acceptability.
Our analysis adds to the sparse body of literature demonstrating the feasibility of using teleradiology, which requires simple equipment, for tuberculosis screening during routine health-care service delivery in rural Africa. Our findings are consistent with those of other studies in resource-limited settings. [10] [11] [12] 14 Our study has several limitations. We established no specific criteria for requesting teleradiology. Clinicians selected cases for teleradiology according to their level of confidence in their own X-ray interpretation. This could have influenced the results by making consultation a function of clinician selfassurance rather than case complexity. However, the physician from MSF who was appointed as the focal point for teleradiology made the final selection of cases for referral, potentially reducing this effect.
A second limitation is that most diagnoses of tuberculosis were presumptive for lack of confirmatory nonradiologic diagnostic methods, such as sputum culture, which is unavailable in Thyolo District Hospital. However, most patients improved with treatment, which suggests that the presumptive diagnoses made after the teleradiology reading were accurate. A third limitation is that image quality could have reduced diagnostic accuracy. JPEG compression, essential for transmission with slow or unreliable internet connections, decreases image file size, which leads, in turn, to poor image quality. Notably, several studies have demonstrated that JPEGs obtained by digital photography of film radiographs using limited image compression are sufficient for diagnosis in most instances; additionally, rates of discrepancy between radiologists are the same whether teleradiology images or regular X-ray images are being interpreted. 10, 12, 15 In our experience, most images were classified as good and conclusive. Importantly, final diagnoses and case management were not based solely on the radiologist's report. Rather, they involved complex decision-making processes using all available data.
Lessons learnt
In summary, our findings demonstrate the feasibility and utility of teleradiology in a hospital in rural Malawi and suggest that other resource-limited settings, particularly those with a similarly high burden of patients with HIV and tuberculosis co-infection, may also benefit from this service. To inform others, we highlight several lessons we have learnt (Box 1). First, to maximize its full potential and enhance equity of care, we recommend establishing specific criteria to guide clinical staff in identifying patients most likely to benefit from teleradiology. Despite access to teleradiology, several of our patients died; this points to the need for prompt teleradiology referral by clinical staff, which would be facilitated by such criteria. Second, the collaboration of radiologists who are familiar with the resources available locally and with the health conditions seen most often in the population of interest is very important. Third, a focal point for teleradiology should be selected from among local senior clinical staff members. Finally, staff should be allowed enough time to familiarize themselves with teleradiology to improve the acceptability of the method.
Implemented judiciously, teleradiology appears to improve the diagnosis of tuberculosis, especially in settings with a high burden of HIV infection, where the increased likelihood of sputum smear-negative tuberculosis necessitates a combination of diagnostic measures that include X-rays. 8 
Resumen
La viabilidad de las radiologías a distancia para mejorar el diagnóstico de la tuberculosis y la gestión de los casos en un hospital de distrito en Malawi
Situación Malawi presenta una de las tasas más altas (10,6%) de infección por el virus de la inmunodeficiencia humana (VIH) del mundo, y el sur de Malawi, donde se encuentra el distrito de Thyolo, es la zona más afectada del país (14,5%). La tuberculosis, muy habitual entre los infectados por el VIH, requiere un diagnóstico radiológico, pero Malawi no tiene radiólogos en su servicio público, lo que impide diagnosticar la enfermedad de manera rápida y exacta y aumenta la morbilidad y la mortalidad. Enfoque Médecins sans Frontières, en colaboración con el Ministerio de Sanidad de Malawi, han aplicado la radiología a distancia en el distrito de Thyolo para ayudar al personal clínico en la interpretación de imágenes radiológicas y el diagnóstico. Marco regional La mayoría de los 600 000 habitantes del distrito de Thyolo apenas pueden sustentarse o son granjeros inmigrantes que viven en la pobreza extrema. Las instalaciones sanitarias incluyen un hospital público y 38 centros de atención primaria. La escasez de personal y la ausencia de un radiólogo dificultan el diagnóstico de la tuberculosis en una población en la que dicha enfermedad afecta al 66% de los pacientes infectados por el VIH. Cambios importantes Por medio de la radiología a distancia se examinaron 159 imágenes (provenientes de 158 pacientes) desde septiembre de 2010 a 2011. La radiología a distancia supuso un cambio en la gestión de 36 casos (23,5%). Dos de ellos (1,3%) resultaron ser casos de tuberculosis pulmonar de la que el personal clínico no había sospechado antes. Además, el examen del radiólogo corrigió el error de diagnóstico de la tuberculosis y evitó un tratamiento inadecuado en 16 pacientes (10,5%). Lecciones aprendidas La radiología a distancia puede mejorar el diagnóstico de la tuberculosis y la gestión de los casos, en especial cuando se han desarrollado criterios para identificar a los pacientes más adecuados para derivarlos a un especialista y el radiólogo está versado en los recursos locales y los problemas sanitarios. La designación de un centro clínico de coordinación para la radiología a distancia garantiza la sostenibilidad. El personal necesita tiempo para adaptarse al programa nuevo de radiología a distancia.
